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4.2	 Bioinformatics	 analysis	 reveals	 the	 presence	 of	 CLEAR	binding	sites	in	promoters	of	actin	and	filopodia	related	genes			
4.3	 TFEB	 activation	 causes	 an	 increase	 in	 mRNA	 level	 of	filopodia	genes	in	HeLa	cell		
4.4	TFEB	depletion	causes	a	decrease	in	mRNA	level	of	EPS8	and	IRSp53	genes	in	HeLa	cell		




4.6	ChIP	analysis	of	TFEB	binding	sites	on	filopodia	promoters	in	HeLa	 TFEB	 overexpressing	 cells	 reveals	 a	 direct	 regulation	 of	TFEB	on	EPS8	
	
4.7	TFEB	and	TFE3	overexpression	induce	filopodia	formation	in	HeLa	cell		
4.8	 TFEB	 and	 TFE3	 activation	 regulates	 filopodia	 formation	 in	HeLa	cell		
4.9	 Melanoma	 Cell	 line	 shows	 an	 increase	 in	 RNA	 and	 protein	levels	of	IRSp53	and	EPS8		
4.10	Filopodia	number	is	increased	in	Melanoma	cell	line		







































heterodimers	 with	 other	 members	 of	 bHLH-Zip	 transcription	factors	family5.		
	























Fig.	3	TFEB	regulated	processes	(Image	adapted	from	Napolitano	et	al.,	2016)	TFEB	 positively	 regulates	 the	 transcription	 of	 several	 genes	 involved	 in	lysosomal	 biogenesis,	 lysosomal	 proliferation,	 lysosomal	 exocytosis	 and	 induce	the	 expression	 of	 the	 genes	 involved	 in	 autophagic	 pathways,	 in	 mitophagy	pathways	and	in	lipid	catabolisms.				








in	 this	 condition	TFEB	 is	 in	active	 status	and	 is	 able	 to	activate	itself	in	a	positive	feedback	loop28.		
	





1.2 TFEB	and	MiT	family	in	tumorigenesis		In	the	past	few	years,	mutations	involving	TFEB,	TFE3	and	MITF	genes	 had	 been	 identified	 in	 different	 cancerous	 condition.	Amplifications	 and	 activating	 mutations	 of	 the	 MITF	 gene	 had	been	 observed	 in	 melanoma,	 and	 in	 some	 forms	 of	 hereditary	Renal	Cell	 Carcinoma30,	31,	whereas	 chromosomal	 translocations	leading	 to	 the	overactivation	of	TFEB	and	TFE3	genes	had	been	identified	 in	 sporadic	 Renal	 Cell	 Carcinomas	 herein	 referred	 as	
TFE-fusion	RCC32.		It	 has	 been	 found	 that	 a	 switch	 of	 6p21	 to	 11q13	 results	 in	 a	fusion	 of	 TFEB	 coding	 region	with	 the	 regulator	 of	 non-coding	

















One	 more	 role	 of	 filopodia	 in	 cell	 migration	 is	 linked	 to	 ECM	tethering	 and	 probing	 through	 the	 transport	 of	 cell-ECM	adhesion	 receptors	 to	 filopodia	 tips.	 Indeed,	 transporting	integrins,	a	family	of	adhesion	receptors,	filopodia	play	a	central	role	 also	 in	 modulating	 cell	 adhesion;	 it	 is	 therefore	 not	 a	surprise	 that	 many	 cells	 use	 filopodia	 in	 early	 phases	 of	spreading65-67.			










Fig.	 5	 Irsp53-based	 signaling	 circuitry	 regulating	 filopodia	 and	lamellipodia	extension	(Adapted	from	Scita	et	al.,	2008)		(a)	 Proposed	 model	 of	 the	 mechanism	 link	 Cdc42	 to	 the	 IRSp53-based	actin	regulatory	complex	leading	to	the	formation	of	filopodia;	IRSp53	can	be	associated	with	activated	Cdc42,	and	physically	connecting	this	GTPase	to	Eps8	(an	actin	capper	and	bundling	protein).	The	complex,	localized	to	the	 plasma	 membrane,	 contribute	 to	 the	 generation	 and	 proper	architectural	 organization	 of	 the	 linear	 actin	 bundles	 interconnected	giving	rise	to	filopodia		(b)	 Role	 of	 IRSp53	 in	 mediating,	 through	 WAVE-based	 machinery,	 the	extension	 of	 lamellipodia;	 The	 WAVE-based	 complex	 is	 key	 for	 the	generation	of	 the	Arp2/3-dependent	actin	meshwork.	 IRSp53,	 thought	 to	bind	with	WAVE	complex,	contributes	to	enhancing	and	confining	its	actin	polymerization	 activity	 along	 the	 tip	 of	 extending	 protrusion,	 thus	generating	the	forces	required	for	lamellipodia				
























filopodia	and	 lamellipodia	 leads	 to	a	decrease	of	blebs	and	vice	versa101	 because	 the	 mechanical	 processes	 of	 formation	 are	opposite.	 Blebs	 require	 a	 decrease	 of	 actin	 filament	 interaction	with	 the	plasma	membrane,	on	 the	other	 side,	 the	 formation	of	filopodia	 and	 lamellipodia	 require	 an	 increase	 of	 actin	interaction	with	the	plasma	membrane.			



































i) Validation	 of	 filopodia	 gene	 network	 in	 TFE	
transcription	factors	dependent	way.		




































































adding	 protease	 inhibitor	 cocktail	 (1:100)	 and	 phosphatase	inhibitors	(1:1000).	It	 was	 added	 to	 the	 cell	 plates	 inappropriate	 amount	 and	incubated	 for	 10	minutes	 in	 order	 to	 be	 sure	 that	 RIPA	 is	well	distributed.	 Cells	 were	 scraped	 vigorously	 from	 the	 plate	 by	using	a	plastic	cell	scraper	that	helps	with	the	lysis	process.	Each	cell	 lysate	 has	 been	 transferred	 in	 eppendorf	 and	 sonicated	 at	appropriate	 intervals.	 	 Finally,	 the	 lysates	 were	 stored	at	-80°C	until	use.			
3.5	 BCA	analysis	




The	working	 solution	has	been	prepared	by	mixing	50	parts	 of	BCA	 Reagent	 A	 (containing	 sodium	 carbonate,	 sodium	bicarbonate,	 bicinchoninic	 acid	 and	 sodium	 tartrate	 in	 0.1	 M	sodium	hydroxide)	with	1	part	of	BCA	Reagent	B	(containing	4%	cupric	sulphate).	Protein	concentrations	have	been	determined	and	reported	with	reference	to	standards	of	bovine	serum	albumin	(BSA).	A	series	of	dilutions	of	known	BSA	concentration	were	prepared	(0	μg/μl;	0,06	 μg/μl;	 0,125	 μg/μl;	 0,25	 μg/μl;	 0,5	 μg/μl;	 1	 μg/μl	 and	 2	μg/μl)	 and	 assayed	 alongside	 the	 unknowns	 samples.	 The	protein	 concentration	 of	 each	 unknown	 sample	 has	 been	determined	based	on	the	standard	curve.			
3.6	 Western	Blot	Analysis	




size,	 not	 on	 shape.	 Bromophenol	 blue	 serves	 as	 a	 migration	indicator	dye	where	 it	 is	 possible	 to	observe	 the	dye	 front	 that	runs	ahead	of	 the	proteins.	Bromophenol	blue	also	 functions	 to	make	 it	easier	 to	see	 the	sample	during	 loading	of	 the	gel	wells	with	protein	sample.	Glycerol	in	the	Laemmli	buffer	increases	the	density	of	the	sample	so	that	it	will	fall	to	the	bottom	of	the	well,	minimizing	puffing	or	loss	of	protein	sample	in	the	buffer.	The	protein	samples	were	boiled	for	5	minutes	at	95°	C	and	then	loaded	 in	 10%	 precast	 polyacrylamide	 gel	 to	 perform	 the	 SDS-PAGE	(SDS-polyacrylamide	gel	electrophoresis)	at	80V.	Before	 the	 end	 of	 running,	 PVDF	 membranes	 (Millipore	
Immobilon™	PVDF	Transfer	Membranes)	were	activated	with	prior	
to	 use.	 They	 were	 wet	 for	 30	 seconds	 in	 methanol.	 Then	 the	membranes	 were	 transferred	 to	 purified	 water	 for	 at	 least	 2	minutes.	 Finally,	 PVDF	 membranes	 were	 transferred	 in	 the	transfer	 buffer	 (100	mL	Blotting	Buffer,	 200	mL	Methanol,	 700	mL	H2O)	and	incubated	for	5	minutes.	
At the end of the running, the gel has been removed from its cast and 
gel and PVDF membranes were sandwiched between sponge and 
paper (sponge, paper, paper, gel, filter, paper, paper, sponge), 
making sure to get rid of air bubbles. It is important that the 
membrane is closest to the positive electrode and the gel closest to 
the negative electrode.  Electroblotting has been performed for 1 




This method is useful to further analyse proteins by using probes 
such as specific antibodies. Membranes were blocked in blocking 
buffer (5% skim milk in TTBS) for 1 hour at room temperature. Primary	antibodies	have	been	diluted	in	blocking	buffer	and	the	membranes	were	incubated	with	the	correct	primary	antibodies	overnight	at	4°C.	The	day	after	the	blots	has	been	rinsed	three	times	for	5	minutes	at	room	temperature.	The	 filters	 have	 been	 incubated	 in	 horseradish	 peroxidase	(HRP)-	 conjugated	 secondary	 antibody,	 diluted	 in	 blocking	buffer,	 for	1	hour	at	room	temperature.	After	1	hour	blots	have	been	rinsed	three	times	for	5	minutes	at	room	temperature.	ECL	(Enhanced	ChemiLuminescence)	has	been	used	to	detect	the	





AbI	 diluition	 AbII	 diluition	
EPS8	(BD)	 	1:1000		 Anti-Mouse/HRP	 	1:10000	
IRSp53	(SIGMA)	 	1:1000	 Anti-Rabbit/HRP	 	1:10000	
TFEB	(Cell	Signaling)	 	1:1000	 Anti-Rabbit/HRP	 	1:10000	
ACTIN	(SIGMA)	 	1:3000	 Anti-Mouse/HRP	 	1:10000			It	 has	 been	 used	 the	 software	 ImageJ	 to	 analyze	 western	 blot	images.	The	quantification	will	 reflect	 the	amounts	as	a	 ratio	of	each	 protein	 band	 relative	 to	 the	 loading	 control	 band	 of	 the	same	lane.			
3.7	 Immunofluorescence	Analysis	








The	cells	have	been	washed	three	times	with	blocking	buffer	for	5	minutes	each.	Subsequently,	 cells	 have	 been	 incubated	 with	 secondary	antibodies,	 diluted	 in	 blocking	 solution	 for	 1	 hour	 at	 room	temperature	 in	 dark	 conditions. In	 particular,	 the	 secondary	antibodies	 are	 raised	 against	 the	 host	 species	 used	 to	 generate	the	primary	antibody.		After	 1	 hour	 of	 incubation,	 cells	were	washed	 three	 times	with	blocking	solution	for	5	minutes	each.		Then,	 it	 has	 been	 added	 the	 DAPI	 (4',6-diamidino-2-phenylindole),	 diluted	 1:1000	 in	 blocking	 buffer,	 which	 is	 a	fluorescent	stain	that	binds	strongly	to	A-T	rich	regions	in	DNA.	When	 bound	 to	 double-stranded	 DNA,	 DAPI	 has	 an	 absorption	maximum	at	a	wavelength	of	358	nm	and	its	emission	maximum	is	at	461	nm.	It	is	useful	to	mark	the	nuclei.		After	 15	 minutes,	 cells	 were	 washed	 with	 PBS	 and	 coverslips	have	been	mounted	with	a	drop	of	mounting	medium	(ProLong®	Gold	Antifade	Mountant).	The	 coverslips	 have	 been	 sealed	 with	 nail	 polish	 to	 prevent	drying	and	movement	under	microscope	and	stored	at	4°C.	Finally,	 the	cells	were	 imaged	on	a	Carl	Zeiss	LSM	880	confocal	microscope	super	resolution	with	a	63x	oil	immersion	objective.		The	primary	and	the	correlative	secondary	antibody	used	in	this	project	are	in	the	table	below.		




TFEB	(Cell	Signaling)	 	1:400	 Anti-Rabbit		 	1:800	
TFE3	(SIGMA)	 	1:400	 Anti-Rabbit	 	1:800	
MYOX	(SIGMA)	 	1:200	 Anti-Rabbit	 	1:800	
Phalloidin	(Invitrogen)	 	1:200	 		 	1:800			The	software	ImageJ	has	been	used	to	analyser	files,	to	merge	the	different	channels	and	to	count	the	filopodia	tips.			
3.8	 Cromatin	immunoprecipitation	analysis	(ChIP)	



















Then	the	insert	was	washed	in	a	beaker	of	water	several	times	to	rinse,	and	then	the	insert	was	left	to	air	dry.			The	 images	 of	 the	 cells	 were	 taken	 by	 APOTOME	 ZEISS	microscope,	 and	 the	 colourized	 invasive	 cells	 were	 counted	 by	ImageJ	tool	“Count	Cell”.	
	










4.1	 TFEB	 overexpression	 in	 different	 cell	 lines	 causes	 a	
drastical	change	in	cell	shape	














Fig.	8	TFEB	overexpression	increase	the	ability	of	cell	migration		Wound	Healing	assay	on	HeLa	wt	cells	and	HeLa	TFEB	overexpressing	stable	clone	 (CF7);	 The	 cells	 are	 analyzed	 or	 1day	 and	 the	 photograms	 are	extrapolated	by	the	movie.			From	these	preliminary	observations,	I	started	to	investigate	the	new	 role	 of	 TFEB	 in	 regulating	 genes	 involved	 in	 actin	remodeling	and	filopodia	formation.		
	
4.2	 Bioinformatics	 analysis	 reveals	 the	 presence	 of	 CLEAR	
binding	sites	in	the	promoters	of	actin	and	filopodia	related	




Medicine	 (TIGEM),	was	 used	 to	 analyze	 the	 presence	 of	 CLEAR	binding	 sites	 on	 the	 promoter	 of	 genes	 involved	 in	 the	 actin	cytoskeleton	remodeling	and	the	filopodia	network.		In	this	database	are	stored	more	than	20000	genes	that	could	be	potentially	TFEB	target	genes.		From	 this	 interrogation,	 I	 generated	 a	 list	 of	 10	 genes	 (TAB.	 2)	that	could	be	potentially	regulated	by	TFEB	and	that	are	involved	in	the	actin	and	filopodia	related	processes.		
	
TAB.	2	Bioinformatic	analysis	of	filopodia	network	genes	In	 the	 table	 is	 reported	 the	 binding	 rank	 score,	 the	 presence	 or	 not	 of	 the	CLEAR	binding	sites,	and	the	positivity	at	ChIP	analysis13	of	the	principal	genes	involved	in	filopodia	network.			















Fig.	 10	Upregulation	 of	 filopodia	 genes	 upon	 HBSS	 and	 amino	 acid	
starvation	qRT-PCR	analysis	performed	on	IRSp53	and	EPS8	in	starvation	condition.	The	cells	starved	with	HBSS/Hepes	10µM	were	collected	after	6h;		The	 cells	 starved	with	RPMI	without	 amino	acid	were	 collected	after	6h.	RAGD,	 Mucolipin1,	 NEU1	 are	 known	 TFEB	 gene	 target	 and	 are	 used	 as	positive	control.			
4.4	TFEB	depletion	causes	a	decrease	in	mRNA	level	of	EPS8	




EPS8	 mRNA	 level	 (Fig.	 10).	 This	 increase	 was	 instead,	undetectable	 in	 TFEB/TFE3	KD	 cells	 after	HBSS	 starvation	 and	amino	acid	starvation	treatment	(Fig.	11).		
	




upregulation	is	impaired	in	TFEB/TFE3	KD	cells	after	starvation	(Fig.	11).		Collectively	these	data	strongly	support	the	idea	that	IRSp53	and	EPS8	 can	 be	 potentially	 target	 genes	 of	 TFEB	 and	 TFE3,	suggesting	a	role	of	these	two	transcriptions	factor	in	regulating	filopodia	formation.					
4.5	TFEB	overexpression	causes	an	increase	in	protein	level	


















stable	 in	 the	same	experimental	conditions,	suggesting	 that	 this	two	proteins	could	be	differently	regulated.				
4.6	 ChIP	 analysis	 of	 TFEB	 binding	 sites	 on	 filopodia	
promoters	 in	 HeLa	 TFEB	 overexpressing	 cells	 reveals	 a	
direct	regulation	of	TFEB	on	EPS8	













Fig.15	ChIP	analysis	on	predicted	CLEAR	binding	sites	on	filopodia	genes	The	graph	 represents	 the	qPCR	analysis	performed	on	ChIP	experiments	on	EPS8	 and	 IRSp53	 on	 a	 stable	 clone	 TFEB	 overexpressing	 cells	 starved	 by	RPMI	without	amino	acids	then	untreated	cell.		The	results	are	expressed	in	terms	of	Fold	Change.	MUCOLIPIN1	 represents	 the	 positive	 control;	 RPL30	 represent	 the	 negative	control.		On	 the	 other	 hand,	 ChIP	 assay	 experiments	 revealed	 that	 only	EPS8	is	a	direct	TFEB	transcriptional	target;	since	TFEB	is	able	to	recognize	and	bind	the	CLEAR	binding	site	present	on	the	EPS8	promoter.	 In	 turn,	 EPS8	 overexpression	 is	 able	 to	 bind	 IRSp53,	and	together,	they	play	a	fundamental	role	in	filopodia	formation	and	elongation.				
















Fig.	 16	 Overexpression	 of	 WT-TFEB,	 S142/211A-TFEB	 and	 wt-TFE3	 in	




The	 same	 results	 were	 obtained	 counting	 filopodia	 in	 cells	transfected	with	wt-TFE3.		
4.8	TFEB	and	TFE3	activation	regulates	 filopodia	formation	













Fig.	 17	 TFEB	 nuclear	 translocation	 upon	 HBSS	 and	 amino	 acids	
starvation	in	HeLa	cells	induces	an	increase	of	MYOX	marked	tips;	
The	 absence	 of	 TFEB	 and	 TFEB/TFE3	 together,	 upon	 HBSS	 and	
amino	 acids	 starvation	 in	 HeLa	 cells	 causes	 a	 decrease	 of	MYOX	















Fig.	 18	 The	 absence	 of	 IRSp53	 and	 EPS8	 prevents	 the	 filopodia	
formation	under	starvation	treatments	in	HeLa	cells		Fluorescence	 analysis	 of	 HeLa	 wt	 fed	 cells	 (line	 A),	 HeLa	 wt	 starved	cells	with	HBSS/Hepes	10µM	(line	B),	HeLa	wt	starved	cells	with	RPMI	without	 amino	 acids	 (line	 C),	 IRSp53/EPS8	 KD	 fed	 cells	 (line	 D),		IRSp53/EPS8	 KD	 starved	 cells	 with	 HBSS/Hepes	 10µM	 (line	 E),	IRSp53/EPS8	KD	starved	cells	with	RPMI	without	amino	acids	(line	F).	In	 blue	 DAPI:	 4',6'-diamidino-2-phenylindole	 staining;	 In	 red:	 TFEB	antibody	 against	 the	 endogenous	 protein.	 In	 grey:	 phalloidin	 dye	against	actin	cytoskeleton.			
4.9	 Melanoma	 Cell	 line	 shows	 an	 increase	 in	 mRNA	 and	
protein	levels	of	IRSp53	and	EPS8	
















Immunoblot	 analyses	 performed	 on	 IRSp53	 and	 EPS8	 to	 evaluate	 the	protein	levels	in	501Mel	cell	line,	MITF	KD	501Mel	cells	and	TFEB/TFE3	KD	501Mel	cells.		The	cells	were	collected	after	72h	post-transfection.	Data	are	shown	as	the	average	 (±	SEM)	of	 three	different	experiments	and	values	are	normalized	to	 the	 untransfected	 cells	 (*	P	<0.05,	 **	P	<	0.01,	 ***	P	<	0.001,	 two-sided	Student’s	t-test).				










Fig.	 21	Upregulation	of	MITF	 in	Melanoma	 cells	 induces	 an	 increase	of	
MYOX	tips		Fluorescence	 analysis	 CTRL	 (line	A),	 501Mel	 (line	B),	 and	MITF	KD	501Mel	cells	 (line	 C),	 TFEB/TFE3	 KD	 501Mel	 cells	 (line	 D);	 In	 blue	 DAPI:	 4',6'-diamidino-2-phenylindole	 staining;	 In	 red:	 MYOX	 antibody	 against	 the	protein.	In	grey:	phalloidin	dye	against	actin	cytoskeleton.	Values		graph	are	shown	as	an	average	(±	SEM)	(*	P	<0.05,	**	P	<	0.01,	***	P	<	0.001,	two-sided,	Student’s	t	test).			
4.11	TFEB	overexpression	in	HeLa	stable	cell	 line	increases	










Fig.	 22	TFEB	 overexpression	 increases	 the	 ability	 of	 invasiveness	 of	 the	
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